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Introduction

One of the open issues for the Uplink Transmit Diversity for HSPA – closed loop work item is the design of the feedback channel and the scheme that should be used for transmitting feedback. 
In this contribution, we examine the performance of CLTD when PCI codebook sizes are used. We also investigate the potential benefits of signalling amplitude information as part of the feedback. Link level simulations are conducted to evaluate the merits and demerits of each option. We consider two feedback schemes: Direct feedback and Recursive Feedback in the analysis. 
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Discussion
In order to realize the gains of closed loop transmit diversity, an effective feedback design is important. The main objectives of feedback design can be listed as follows:

· Maximize the transmit power gains due to closed loop transmit diversity (CLTD)

· Minimize the impact on the NodeB receiver due to amplitude and phase discontinuities

· Minimize the amount of DL resources needed to transmit the feedback information.

In [1-3], different aspects of the feedback design were discussed and link simulations were shown to characterize the performance of CLTD for the different design options. In the following we provide a summary of the salient aspects of the results and propose a way forward.
2.1
Feedback Schemes

Two types of feedback schemes were evaluated: Direct and Recursive feedback. A detailed description of the schemes and the associated performance analysis can be found in [1].

The results show that feedback error impacts the performance of CLTD in general. The performance degrades as the feedback error rates increase. Therefore, it is considered that measured should be taken to minimize the feedback error as much as possible. In order to ensure low error rates for the PCI, a power offset is needed on the downlink to maintain SNR requirements at the UE. If the F-DPCH channel is chosen as the feedback channel, then the power offset can be relative to the F-DPCH Ec/Ior allocated on the downlink.

At low feedback errors, the performance of the recursive and direct feedback schemes are comparable. As the error rates increase, the recursive feedback scheme is seen to be more robust to feedback. The impact of errors is mitigated because of a restriction in the maximum phase error in the recursive scheme.

The recursive scheme also requires lesser resources on the DL for the same PCI codebook granularity. Since once of the design objectives is to minimize downlink resources, this is considered quite advantageous. Based on the results, the following is proposed:
Proposal 1: A power offset relative to the F-DPCH channel is introduced for the transmission of DL feedback for CLTD.

Proposal 2: The recursive feedback scheme is adopted for CLTD.

2.2
PCI Codebook
Different PCI codebook sizes were considered in [2] and the performance of CLTD was characterized for the options considered. 
The options considered were: 

· 2bit phase only direct feedback

· 3bit phase only direct feedback

· 3bit amplitude and phase direct feedback

· 1 bit phase only recursive feedback

· 2 bit phase only recursive feedback

· 2 bit amplitude and phase recursive feedback

The simulations were conducted for the PA3 and VA30 channels under different imbalance conditions. Under this assumption, it was seen that the addition of amplitude information did not appreciably improve performance. The impact of errors in the feedback channel negates any gains that may be obtained by the transmission of amplitude information.
When phase only feedback is considered, the PCI codebook size 8 offered the best performance. However, the difference in performance between 4 and 8 phases becomes significant only when the feedback error rate increases. If the feedback error rate can be maintained to be less than 2%, the 4phase option offers a good trade-off between the allocation of downlink resources and performance. However, if the PCI is subject to feedback errors and DL resources are not at a premium, then an 8phase codebook is the better design option. On the other hand, if a power offset can be introduced, and the minimization of resources on the DL is considered to be a high priority, then a 4phase codebook offers the best trade-off between performance and resource optimization.
Proposal 3: A phase only PCI codebook is adopted for UL CLTD.

Proposal 4: If a power offset is introduced for the feedback channel, then a PCI codebook of size 4 is adopted for CLTD. Otherwise, PCI codebook size 8 is chosen.

2.3
Precoding Update Rate and Feedback Delay
The impact of precoding update rates and the feedback delay were considered in [3]. The performance was characterized by varying the update rates for a constant delay and also by varying delay for a constant update rate. 
For the PA3 channel, there was little impact to performance when the update rate was increased up to 10 slots. However, there was an impact on performance for the VA30 channel. Due to the lower update rate and the delay in applying the beamforming vectors, the channel cannot be tracked effectively. Therefore, it is considered that the update rate of once per slot should be the default mode of operation. 

Increasing feedback delay did not affect the PA3 channel but caused an impact for the VA30 channel. Therefore, a feedback channel design where the feedback delay is as low as possible is desired.

Based on the results obtained, we propose the following:
Proposal 5: The maximum feedback update rate for CLTD is once per slot.

Proposal 6: Feedback delay should be considered when considering the design of the feedback channel.
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Conclusions

In this contribution, a summary of the salient observations the performance analysis conducted in [1-3] is presented. The following proposals are made for RAN1 consideration.
Proposal 1: A power offset relative to the F-DPCH channel is introduced for the transmission of DL feedback for CLTD.

Proposal 2: The recursive feedback scheme is adopted for CLTD.

Proposal 3: A phase only PCI codebook is adopted for UL CLTD.

Proposal 4: If a power offset is introduced for the feedback channel, then a PCI codebook of size 4 is adopted for CLTD. Otherwise, PCI codebook size 8 is chosen.

Proposal 5: The maximum feedback update rate for CLTD is once per slot.

Proposal 6: Feedback delay should be considered when considering the design of the feedback channel.
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